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In this issue of Structure, Aggarwal and colleagues (Townson et al., 2007) present the crystal struc-
ture of the restriction endonuclease BstYI in complex with a near-cognate substrate. This structure
most likely reflects the conformation BstYI adopts as it scans DNA and pauses upon encountering
a site similar to its recognition sequence.Most bacteria have several restriction-
modification systems directed against
foreign DNA. These systems consist of
a restriction endonuclease that cleaves
foreign DNA at a specific site and
a DNA methyltransferase that modifies
the host DNA at that same site, thereby
protecting it against cleavage by the
restriction endonuclease. To be effec-
tive, the restriction enzyme has to
cleave foreign DNA (e.g., bacterio-
phage DNA), the faster the better, be-
fore it is transcribed or replicated. For
a bacterium being invaded by a phage,
this is a matter of life and death.
Restriction endonucleases must
therefore quickly find their specific
recognition sequence in the presence
of a large excess of nonspecific DNA.
A process of normal diffusion, which
would encompass repeated associa-
tion and dissociation until the specific
site is found, is presumably much too
slow to be effective as there are more
nonspecific than specific sites. A solu-
tion to this dilemma lies in facilitated
diffusion, a concept originally pro-
posed by Adam and Delbru¨ck (1968)
to explain how ligands can efficiently
find a receptor on a membrane. This
concept was later extended by Richter
and Eigen (1974) to the related prob-
lem of target-site location by specific-
DNA-binding proteins. The idea is to
speed up the search process by re-
ducing the dimensionality of target
location from a three- to a two- or
one-dimensional problem, thereby
avoiding being adrift in three-dimen-
sional space.
In principle, three different mecha-
nisms can be used by a specific-
DNA-binding protein for facilitated tar-
get location (reviewed by von Hippeland Berg, 1989): (1) ‘‘sliding’’ along
the DNA, a random movement in
which the protein always stays in di-
rect contact with the substrate; (2)
‘‘hopping’’ or ‘‘jumping,’’ again a ran-
dom movement in which the protein
dissociates from the DNA and rebinds
in proximity to the site that it has just
left. In this case, upon dissociation
the protein and DNA associate with
water molecules and counter ions,
which in part are lost again upon re-
binding, and (3) if a protein has two
(or more) binding sites for DNA, ‘‘inter-
segment transfer’’ allows binding at
two sites simultaneously and therefore
sequences separated by larger dis-
tances can be sampled. These three
mechanisms rely on the specific-
DNA-binding protein to bind to DNA
nonspecifically, making their effective-
ness dependent on the thermodynam-
ics and kinetics of nonspecific versus
specific binding.
Experimental evidence for restric-
tion enzymes making use of mecha-
nisms of facilitated diffusion was avail-
able in the early 1980s (Jack et al.,
1982; Ehbrecht et al., 1985) from stud-
ies on the DNA length dependence of
substrate binding and cleavage by the
restriction enzyme EcoRI. In later stud-
ies (Jeltsch et al., 1994), it was not only
shown that while sliding EcoRI follows
the helical pitch of the DNA, but also
that facilitated diffusion is slowed
when EcoRI encounters sites on the
DNA that resemble its recognition site
(near-cognate or ‘‘star’’ sites), ‘‘paus-
ing’’ for several seconds depending
on the sequence and orientation of
the ‘‘star’’ site. These data suggest
that EcoRI can bind to DNA in two
modes: one being tight, specific, andStructure 15, April 2007 ªimmobile, leading to DNA cleavage,
and the other being loose and nonspe-
cific, allowing for sliding. Depending on
the similarity between the recognition
sequence and the DNA sequence en-
countered by EcoRI, it is assumed
there will be a continuous transition be-
tween these binding modes. Subse-
quently, it was shown that several other
type II restriction enzymes make use of
facilitated diffusion for target site loca-
tion (reviewed by Jeltsch and Urbanke,
2004).
The crystal structures of EcoRV and
BamHI bound to nonspecific DNA pro-
vided an idea of how restriction en-
zymes might look while sliding along
DNA (Winkler et al., 1993; Viadiu and
Aggarwal, 2000). In the nonspecific
complexes, EcoRV and BamHI par-
tially wrap around the DNA without
making base-specific contacts. Upon
locating their target, the complex
tightens, water molecules are released
from the protein-DNA interface and
base-specific contacts form. This rec-
ognition process involves major con-
formational changes in both the en-
zyme and the DNA (Winkler et al.,
1993; Newman et al., 1995), and leads
to the activation of the catalytic cen-
ters (Figure 1). While sliding along the
DNA, restriction enzymes must contin-
uously probe the major (and possibly
the minor) groove for recognition ele-
ments. In such a situation, it is tempt-
ing to assume that base-specific con-
tacts are formed to a certain extent
when near-cognate sites are encoun-
tered. This assumption is what Aggar-
wal and colleagues succeeded in
demonstrating for BstYI (Townson
et al., 2007). The current study pres-
ents the structure of BstYI bound to2007 Elsevier Ltd All rights reserved 391
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PreviewFigure 1. Reaction Cycle of a Type II Restriction Endonuclease
Restriction endonucleases bind DNA nonspecifically and slide along the substrate in a random fashion (this)/ process may be interrupted by
dissociation association events) until they locate their target site. Specific binding is associated with conformational changes in the protein and
DNA that activate the catalytic centers and lead to double-strand cleavage. After product release, the restriction endonuclease can start a new re-
action cycle. Structural information for the apoenzyme, a nonspecific complex, a specific prereactive complex, and a specific postreactive complex is
available only for EcoRV and BamHI (reviewed by Pingoud et al., 2005). The hemispecific complex of BstYI described by Aggarwal and colleagues
(Townson et al., 2007) could mimic the paused state that restriction enzymes most likely adopt during linear diffusion when encountering a site that
resembles their recognition site. The structure has features of the apoenzyme and the presumptive nonspecific complex on one side and the prereac-
tive specific complex on the other side.a short double-stranded DNA that
contains a site (GAATCC) differing in
only one base-pair from the cognate
recognition site (RGATCY). The crystal
structure analysis of the ‘‘hemispe-
cific’’ complex shows that one subunit
(the R subunit) of the homodimeric
BstYI forms base-specific contacts
with the cognate half-site, whereas
the other subunit (the L subunit) is
only engaged in sugar-phosphate
backbone contacts with the cognate
half-site. This arrangement differs
from the specific complex in which
the R and L subunits are engaged in
base and backbone contacts in
a ‘‘crossover’’ manner (the R [L] sub-
unit makes base [backbone] contacts
to one half-site and backbone [base]
contacts to the other half-site) (Town-
son et al., 2005). In the hemispecific
complex, all base-specific interactions392 Structure 15, April 2007 ª2007 Elseviand many of the backbone contacts to
the near-cognate half-site are lost. As
a consequence, the near-cognate
half of the DNA is accommodated
only loosely in the DNA binding site of
BstYI, whereas the cognate half-site
is bound tightly; this leads to a very
asymmetric structure, with one sub-
unit resembling more the apoenzyme
and the other subunit more the specific
complex. Presumably, this hemispe-
cific complex mimics the paused state
of BstYI when it slides along DNA and
encounters a site resembling its recog-
nition site. While this crystal structure
provides a snapshot of a particular
phase of the dynamic process, com-
plementary kinetic experiments will
determine whether this pause is a
true intermediate in the complex pro-
cess of target-site location by restric-
tion endonucleases.er Ltd All rights reservedREFERENCES
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